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Introduction 


‘ ane abe m mass number 128 has been found to decay with a half life of 
ites (1) partly by negatron emission to Xe!*6 and partly by electron capture 
128 (2), The disintegration scheme proposed by Benczer et al. (2) is shown in 
g. 1. Two gamma rays with the energies of 0.540 Mev and 0.455 Mev are found to 
e in cascade. A rather weak crossover of 0.99 Mev energy has also been detected. 
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Fig. 1. Decay scheme of I*°* (2). 
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Since Xe!28 is an even-even nucleus the ground state has zero spin and even parity. 
The first excited state is suggested to be 2+ as is the case in almost all even-even 
nuclei, and the second excited state probably has the spin 2+ also. In the branch 
leading to Te!2® only one gamma transition with an energy of 0.750 Mev has been 
reported. The spins of the ground state and the first excited state are for the same 
reason as above supposed to be 0+ and 2+ respectively. The negatron branch is the 
most populated one. The three negatron components have the energies 2.120 Mev 
(76 %), 1.665 Mev (15.5%), and 1.125 Mev (2%). 
Source 

[228 was produced by neutron irradiation of I,0;! for about 90 minutes in a reactor? 
at a neutron flux of 6-10" neutrons/cm? sec. The total number of irradiations was 
about fifty. No chemical separations were performed. The correlation measurements 
were made with cylindrical sources one millimeter in diameter. The source containers 
were made of aluminum with a wall thickness of 0.1 mm. The sources varied in 
length between one and five millimeters. By using small sources and thin sample 
holders smearing out effects on the anisotropy were kept negligible. The number of 
sources used was more than 170 in all. The life-time of the first excited state theo- 
retically calculated to be about 4-10-1° seconds (3) (probably it is even shorter) is 


short enough to permit measurements with a polycrystalline source without attenua- 
tion of the anisotropy. 


Apparatus 


The apparatus has been described earlier (4). However, some modifications were 
introduced. To be able to get a simpler and faster coincidence circuit the photo- 
multiplier (RCA 6342) voltages were raised to about 1800 volts. Accordingly, the 
anode pulses of the multipliers were large enough for most gamma ray energies to 
cut off a suitably biased 404A pentode. After the 404A limiter the pulses were clipped 
with a RG 114/U shorted stub and fed to a crystal diode coincidence arrangement 
(5). The stub length was so chosen that a resolving time of 12 millimicroseconds was 
obtained. 


Measurements 


Coincidences between the cascaded gamma rays in Xe!28 were recorded during 4 
minute intervals and were collected with the following angles between the counters: 
+90°, + 120°, +135°, +150°, and 180°. The total number of real coincidences during 
the measurements was about 230 000. 

Three millimeters of aluminum was placed in front of each counter to absorb the 
beta rays emitted in the decay of 128, To limit as much as possible the number of 
false coincidences because of Compton scattering between the counters these were 
shielded with lead collimators with a wall thickness of about 10 mm. The photo- 
peaks of interest in this measurement were selected with single channel analyzers. 
The channel widths were so chosen that both the 455 kev peak and the 540 kev 
peak were accepted in the same channel. In this way a little higher coincidence rate 
was obtained which was important since the half-life of [128 is only 25 minutes. 


* The total amount of impurities was less than 0.075 percent. 
2 The reactor type Rl of AB Atomenergi, Stockholm, Sweden. 
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Fig. 2. Decay curves of the iodine sam- 
ples. Open dots represent the channel 
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By following the coincidence rate continuously for two hours with an angle of 180° 

_ between the counters it was found that the sources did not contain any long lived 
‘positron emitting activities. Fig. 2 shows the decay curve of the 180° coincidences 
compared with the decay of the single counting rate. 


Corrections 
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Corrections were made for background radiation, decay, and accidental coinci- 
dences. Counter solid angle corrections were made according to a method proposed 
' by Church and Kraushaar (6). They determine the correction coefficients from the 
angular resolution curve measured with annihilation radiation. It is thus necessary 
that the energies of the investigated cascade are rather close to 511 kev which is 
the case for Xe}?8, 


Results and discussion 


After application of all corrections the experimental material was fitted to the 
expression W(0) =1 + A,P, (cos 0) + A,P, (cos 6). The coefficients were computed 
both with and without the coincidences recorded with the counters in the 180° 

position. With these coincidences taken into account the coefficients are 
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Fig. 3. Experimental angular correlation 
curves. The dotted curve shows the corre- 
lation obtained for A, = — 0.13 and A,= 
0.43 and the solid curve the distribution 
for A, = —0.18 and A,=0.35. The experi- 
mental 180°-value is omitted in the last 
case. 


90° 120° 150° 180° 
@ (degrees) 


A, = — 0.13 + 0.04 
A, = +0.43 + 0.05. 


On the other hand when the 180° coincidences are omitted the coefficients are 


A, = — 0.18 + 0.02 
A, =+0.35 + 0.04. 


The solid curve in Fig. 3 is the correlation function drawn for A, = —0.18 and 
A, =0.35 and the dotted curve is for A, = — 0.13 and A, = 0.43. As the difference 
between the two curves is due to the omission or addition of the 180° experimental 
point and since the dotted curve has a higher W(180°) value than the solid curve 
the difference could be explained by coincidences caused by annihilation radiation 
from positrons emitted by I?** or any contaminating positron emitting isotope. Fig. 2, 
however, shows that the sources were probably free from disturbing activities. 
Accordingly it cannot be excluded that I! emits a few positrons and that their 
annihilation radiation is registered since the settings of the single channel analyzer 
positions are defined in relation to the 455 kev and 540 kev gamma lines. The detec- 
tion of the 511 kev annihilation quanta results in an increased coincidence rate in 
the 180° counter position. These arguments are slightly strengthened by the fact 
that the dotted curve of Fig. 3 does not fit the experimental points as well as the 
solid curve. The number of positrons can be only 0.002 percent of the iodine decays. 
No gamma line of an energy larger than 1.02 Mev is known in the decay of [228 and 
internal or external pair creation is thus not possible. Barber (7) has investigated 
the beta decay as to positrons and has found the positron to electron emission ratio 
to be less than 0.002. 

Theoretical A, and A, values in the Legendre expansion W (6) =1 + A,P,(cos 6) + 
A,P,(cos6) are given for different spin values by Ferentz and Rosenzweig (8). 

The gamma transition is assumed to be pure H2 between a first excited spin 2+ 
state and a 0+ ground state in even-even nuclei. Since Te128 has an even number of 
both neutrons and protons the 455 kev ground state transition is also probably an 
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Fig. 4. A, and A, as functions 
of the mixing parameter 6 for 
the spin sequence 2-2-0. 


electric quadrupole. The following discussion is thus limited to the spin of the 0.98 
Mev level and the character of the 540 kev gamma line. The 0.98 Mev level certainly is 
a second excited state having a spin no higher than 4. The only spin which is 
compatible with the experiment has a value of 2. All other spins lower than or equal to 
4 are also excluded for other reasons. The 0.98 Mev cross-over excludes a spin of 4. 
The log ft values seem to classify the beta-transitions as allowed and support a spin 
of 1 of the groundstate of I'?8 (2) which is confirmed by a direct measurement by 
use of the atomic beam magnetic resonance technique (9). A spin difference of 3 
units between the ground state of [78 and the second excited state of Xe8 is thus 
not possible and the spin 4 of the state is discarded. The cross-over seems to have 
too high an intensity to allow spin 3 of the second level in accordance with the cor- 
relation results. The spins 1 and 0 are definitely ruled out by the correlation measure- 
ment. The spins discussed are definitely ruled out by the correlation measurement 
whether the 540 kev transition is mixed or not. 

In the case of the spin sequence 2 > 2— 0 the coefficients of the Legendre 
polynomial can be written 


_ 0.2500 + 26 -0.3660—6?-0.0766 0.3265 6? 
- 1+ 6? 4 -1+6 


A, 


where 62=#2/M1 of the 2 — 2 transition. Fig. 4 shows A, and A, as functions 
of 6. The experimental values A,= —0.18 and A,=0.35 fit the curves rather well, 
giving 6= —6.4+1.5 which means that the 540 kev transition consists of 2.4 percent 
of M1. The spin 2 of the second excited state is in agreement with earlier pro- 
posals (2, 10). 

It is interesting to study the percentage of £2 of the transition between two 2+ 
states. Fig. 5 shows the amount of #2 plotted as a function of the neutron number 
of some even-even nuclei. Included is Xe128 and also Te!?6 and Xe!*6 which are being 
investigated in this laboratory at present (11). It is seen that in regions well apart 
from closed shells the transitions are of almost pure #2 type. At magic numbers, 
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Fig. 5. Percentage E2 radiation in some 2+-2-+ transitions as a function of the neutron number 
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